The Compact Muon Solenoid (CMS) experiment has implemented a sophisticated two-level online selection system that achieves a rejection factor of nearly 10e5. During Run II, the LHC will increase its centre-of-mass energy up to 13 TeV and progressively reach an instantaneous luminosity of 2e34cm-2s-1. In order to guarantee a successful and ambitious physics programme under this intense environment, the CMS Trigger and Data acquisition (DAQ) system has been upgraded. A novel concept for the L1 calorimeter trigger is introduced the Time Multiplexed Trigger (TMT). In this design, nine main receive each all of the calorimeter data from an entire event provided by 18 preprocessors. This design is not different from that of the CMS DAQ and HLT systems. The advantage of the TMT architecture is that a global view and full granularity of the calorimeters can be exploited by sophisticated algortihms. The goal is to maintain the current thresholds for calorimeter objects and improve the performance for their selection. The performance of these algorithms will be demonstrated, both in terms of efficiency and rate reduction. The callenging aspects of the pile-up mitigation and firmware design will be presented. ABSTRACT: The Compact Muon Solenoid (CMS) experiment has implemented a sophisticated two-level online selection system that achieves a rejection factor of nearly 10 5 . During Run II, the LHC will increase its centre-of-mass energy up to 13 TeV and progressively reach an instantaneous luminosity of 2×10 34 cm −2 s −1 . In order to guarantee a successful and ambitious physics programme under this intense environment, the CMS Trigger and Data acquisition (DAQ) system has been upgraded. A novel concept for the L1 calorimeter trigger is introduced: the Time Multiplexed Trigger (TMT). In this design, nine main receive each all of the calorimeter data from an entire event provided by 18 preprocessors. This design is not different from that of the CMS DAQ and HLT systems. The advantage of the TMT architecture is that a global view and full granularity of the calorimeters can be exploited by sophisticated algorithms. The goal is to maintain the current thresholds for calorimeter objects and improve the performance for their selection. The performance of these algorithms will be demonstrated, both in terms of efficiency and rate reduction. The callenging aspects of the pile-up mitigation and firmware design will be presented.
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2. Upgrade of the Level-1 trigger system for Run II 1 As the LHC restarts and operates at higher luminosity, the current CMS trigger system will not 2 be capable of maintaining the thresholds required for the CMS physics programme. For example, 3 a double-electron trigger, with thresholds of 13 GeV and 7 GeV in E T for the two electrons re-4 spectively, had a L1 rate of 5 kHz in 2012; this would increase to about 50 kHz for the expected 5 Run II conditions. A single electron trigger of 18 GeV threshold would give about 40 kHz, com-6 pared to 6 kHz during Run I. In these intense conditions, the implementation of pile-up mitigation 7 techniques is required already at L1 to reach acceptable performance.
8
Modern technologies offer an effective solution to achieve these goals. The trigger primitives 9 generated by the detector will be transmitted by newly installed high-speed optical links (4.8 to 3. Improved selection algorithms at Level-1
20
The algorithms described here have been designed to thoroughly exploit the global view of the 21 calorimeters and the full trigger tower (TT) granularity provided by the upgraded trigger system.
22
The main goal is to get as close to the offline selection performance as possible by introducing in-23 novative reconstruction techniques at firmware level. The Level-1 trigger system is a synchronous 24 electronics system and therefore all algorithms implemented in the electronics must be of fixed la-25 tency. This is in contrast with offline reconstruction algorithms which are typically iterative. Lepton tracking detectors is available to assist in these tasks so they must be accomplished using only the 34 calorimeter data. Several approaches are possible and have been explored. The selection tech-35 niques must be able to evolve with the CMS physics programme and be flexible enough to remain 36 robust in any changing conditions. The e/γ, τ lepton and jet algorithms will be presented along 37 with their performance.
Electron and photon trigger algorithm

1
The improved e/γ algorithm [5] is described in Fig. 1 . Clusters are seeded by local maxima of 2 energy above a fixed threshold. The maximum size of the clusters is limited (at most 8 trigger 3 towers can be clustered) in order to minimize the impact of pile-up energy deposits while including 4 most of the electron or photon energy. An extended region in the φ -direction is used to obtain a 5 better containment of the shower since electron and photon showers spread mostly along the φ -6 direction due to the magnetic field. Benefitting from the enhanced granularity, the e/γ candidate 7 position can be computed as an energy-weighted average centered on the seed tower. As seen on clustered towers is taken as the raw E T of the cluster. A calibration derived from Z→ee, is applied 12 to this raw energy with factors depending on the η-position of the seed tower, the shape and the 13 cluster E T .
14 The E T deposited in a 5 × 9 TTs isolation region displayed on The energy deposited by electrons is better clustered and leads to a better energy resolution of 25 about 30%. In the endcaps, the upgrade improvement comes from the ability of the clustering to 26 adapt to the peculiar geometry along with a more precise energy calibration. The rate of the single 27 electron trigger can be reduced further by using the isolation critera with a 10% efficiency loss.
28
The shape veto can discriminate between e/γ and jet clusters reducing the fake rate, whilst keeping 29 the efficiency loss neglible. 
Selecting tau leptons 31
The algorithm developed is aiming at reconstructing efficiently hadronically decaying τ leptons at 32 hardware trigger level [6] . Depending on the decay mode, several decay products may be producing 33 more than one cluster spatially separated along the φ direction due to the magnetic field. Although 34 the footprint of the τ lepton energy deposit is larger than that of an electron, the dynamic clustering 35 developed for e/γ is perfectly adapted to reconstruct these individual clusters which can subse-36 quently be merged. The calibration scheme is using separately the ECAL and HCAL energies and compared to a threshold depending on η. An additional shape veto LUT is also produced in order 1 to discard background-like clusters from the list of possible τ candidates.
2
The performance of the τ lepton finder algorithm has been assessed on Monte Carlo simulation The performance of the 2016 upgraded L1 algorithm is evaluated with respect to hadronic τ decays 1 reconstructed offline using a particle flow based technique. The trigger efficiency as a function of 2 the offline τ reconstructed p T is displayed in Fig. 3 The 2016 upgrade algorithm shows superior 3 triggering efficiency performance than Run 1 which does not reach a 100% plateau due to the im-4 plementation of a strict veto requirement and isolation on its candidates. 
18
The pile-up subtraction is designed to operate on an event-by-event basis, allowing the per-19 formance to change dynamically based on differing pile-up conditions. A local pile-up correction 20 technique called "chunky donut" was selected and proven to be efficient. Fig. 4 illustrates the 21 chunky donut area that is used to estimate the local pile-up energy density to be subtracted from Figure 4 . The 9×9 sliding window (left) used in the Level-1 jet algorithms. Any TT that satisfies these conditions is considered as a potential jet center. The histogram is a comparison between anti-k t and the Level-1 jet algorithms. Anti-k t is using a distance parameter of 0.4 and for the sake of performing a fair comparison; it is run on the same Level-1 TT inputs. The calorimeter area around the Level-1 jet considered for the chunky donut algorithm that is used to estimate the local energy density from pile-up (left). Correlations of the donut energy with the number of interactions is displayed. the jet energy. Fluctuations that originate from the presence of other jets in the vicinity or the ab- A comparison is made to the same quantities produced by the Run 1 system as it was in 2012. The TMT architecture allows therefore the data to be rearranged in geometrical order (spatially- are built from e/γ-type clusters. Another LUT is consulted to perform cluster merging if required.
A precise floor planning scheme has been developed to efficiently perform a place and route pro- Figure 6 . Level-1 e/γ upgraded algorithm firmware output distributions for p T (top left) and η (top right) produced on Z→ee MC events by the Layer-2 firmware. Level-1 jet upgraded algorithm firmware output distributions for p T (bottom left) and η (bottom right) produced on tt MC events. All results are compared to the expected outputs from the simulation.
Conclusion 1
The TMT approach provides an efficient way to build sophisticated algorithms as described in this 
